IT has been show-n (Harris, 1954) (1942) showed that alkahne phosphatase could be adsorbed from solution.by purified vaceinia elementary bodies and suggested that this enzyme (together with the catalase and lipase which were also associated with the particles) were only adsorbed to the virus particle. They observed, though, that urease was not found in the purified bodies nor was it adsorbed to them from solution. Moreover, Stanley (1942) has show-n that the phosphatase activity of tobacco mosaic and tomato bushy stunt virus preparations is derived from the juice O'f the host plant and that the properly purified viruses are phosphatase-free. The object of this investigation wa's to find whether the phosphomonoesterases associated with Rous sarcoma agent were (a) an integral part of the infective agent or (b) merely adsorbed to the virus particles ; (c) part of a non-virus particle of the same size and properties or (d) adsorbed to a non-virus particle.
infection but only a few suggestions that viruses per se, have enzymic activity. Macfarlane and Salaman stated in 1938 that phosphomonoesterase had been found in association with vaceinial elementary bodies. This was confirmed in 1940 (Macfarlane and Dolby) with the further claim that two samples of bushy stunt and a single sample of tobacco mosaic virus also had very weak phosphatase activity between pH 5 and pH 7. However, Hoagland, Ward, Smadel and Rivers (1942) showed that alkahne phosphatase could be adsorbed from solution.by purified vaceinia elementary bodies and suggested that this enzyme (together with the catalase and lipase which were also associated with the particles) were only adsorbed to the virus particle. They observed, though, that urease was not found in the purified bodies nor was it adsorbed to them from solution. Moreover, Stanley (1942) has show-n that the phosphatase activity of tobacco mosaic and tomato bushy stunt virus preparations is derived from the juice O'f the host plant and that the properly purified viruses are phosphatase-free.
The object of this investigation wa's to find whether the phosphomonoesterases associated with Rous sarcoma agent were (a) an integral part of the infective agent or (b) merely adsorbed to the virus particles ; (c) part of a non-virus particle of the same size and properties or (d) adsorbed to a non-virus particle.
Five approaches were adopted.
(1) A-n investigation of the constancy of the specific activity (E) of the acid and alkaline enzymes. Tumour virus yields are known to vary within wide limits with the age of the tumour and the age of the host, and it appeared possible that the specific enzyme activity might vary 'm a similar manner.
(2) A study of the substrate specificity of the agent preparations and stabihzation of the agent in the presence of a substrate.
(3) Attempts to separate the enzyme from the small granules by physicocheraical methods such as washing, freezing-and-thawing, osmotic (Table 11 ).
The titre of the virus was obtained by injecting decimal dilutions of the agent into the legs of day-old chicks (Carr and Harris, 1951 (Palade, 1953) and, after damage, soluble proteins (such as acid phosphatase) are lost to the suspending medium 'Palade, 1951 ; .
After dispersion in distilled water, rat liver mitochondria break down to produce a 22 per cent yield of small granules (Claude, 1954) Carr. and Harris (1951) employed a procedure involving precipitation of'v-irus-containing tumour e'xtracts at pH5, followed by resuspension of the precipitate and digestion of contaminating proteins with crystalline tryps'm at pH 8. Crystalhne trypsin had been shown to have no effect, under these conditions, on the infectivity of the agent.
Incubation with trypsin at pH7-2 removed respectively 38 and 36 per cent of the nitrogen of L.g. and S.g. fractions, while at pH 9-7, 73 per cent of the nitrogen of the S.g. fraction was hydrolysed (Table VI) . Preparation of the agent with acid alone gave S.g.'s with a lower acid phosphatase content whereas acid precipitation, followed by hydrolysis with trypsin at pH 9 -7, gave agent with properties (yield, and E acid) identical with those of centrifugally-prepared material. Arsenate interferes with the measurement of inorganic phosphate so for the investigation of this inhibitor and also for fluoride and azide, the phenol liberated from the disodium phenylphosphate was measured instead of the phosphate.
At pH 5-5 sodium arsenate at'l X 10-2m gave 66 per cent inhibition of the acid phosphatase of the S.g. fraction and at I X 10-3m, 37 per cent. Sodium fluoride (6-5 per cent, 1 X 10-3 M, pH 7-0), sodium azide (33 per cent, I X 10-3 M, pH 5-5) and beryllium sulphate (32 per cent I X 10-2 M, pH 5-5 ; 9 per cent, I X 10-3 M, pH 5-5) were also inhibitory. At pH 7-4 and I x 10-3 m dinitrophenol had no action.
None of these inhibitors exerted any significant action on the infectivity of the agent under conditions in which agent and inhibitor were incubated together at the required concentration and pH, and the virus subsequently separated from the system by centrifugation prior to assay in day-old chicks in the usual way.
At concentrations of I X 10-2m and greater berylhum sulphate precipitates the small granules quantitatively both from purified suspensions and also from cell-free Rous sarcoma extracts. Unlike the action of most other precipitants, however, the infective agent may invariably be recovered from the precipitate. At beryllium concentrations between I X 10-2-5 m and I X 10-3 m the agent was distributed between the precipitate and the supematant fluid. 5. The action of anti8era upon the 8mall granulefraction.
Sera from vouna, fowls bearing slow-growing Rous sarcomas precipitate purified Rous agent from suspension, and infective agent may be recovered after tryptic digestion of the precipitates. Sera obtained from normal fowls of the same age have no such action and fully active virus is left in suspension. Nevertheless, some of the particulate material is precipitated and may be recovered after tryptic digestion of the precipitate. Small granules recovered in this way, however, carry no infectivity.
There is here an immediate separation of the small granules into two fractions, those precipitated by normal fowl serum and non-infective and those not so precipitated (and infective). It was of interest to study the segre'gation of acid and alkaline phenylphosphatase under these conditions. Blood was obtained from starved fowls by heart puncture. Serum was collected in the usual way and stored in the frozen state at 25' C. After thawing each batch was centrifuged at high speed to eliminate any small granules which might be present. The results are given in Table VII. These results show that the alkaline phosphatase associated with the agent may be reduced to 0 without complete virus inactivation. In every case mixture of agent at a concentration of 10-1 (agent from 100 mg. tumour suspended in I ml.) with I : I anti-Rous serum: isotonic sucrose resulted in complete precipitation of the virus. With normal fowl serum on the other hand the virus in the supernatant remained fuRy infective. It may be concluded, therefore, that the small granule preparations are heterogeneous, containing particles which are precipitated both by normal and by antiRous sera and agent which is precipitated by anti-Rous sera onl . The agent thus precipitated carries some acid (but no alkaline) phosphatase along with it but the specific activity is lowered and the trend of these results would seem to indicate that it might be possible to prepare an infective, phosphatase-free, virus.
RESULTS.
The object of this investigation was to find whether the acid and alkaline phosphomonoesterases associated with the infective small granules of, the cytoplasm of Rous sarcoma were:
(a) integral parts of the infective agent or (b) merely adsorbed to that agent or (c) parts of a non-virus particle of the same size and pro erties or (d) adsorbed to p such a non-virus particle.
The five different procedures used to elucidate the problem gave results wbich may be simply summarized.
(1) Constancy of enzyme 8pecific activity.-Virus-induced tumours from young fowls gave small granule preparations with very similar acid phosphatase contents. In. 7 out of 21 preparations, however, all of which were fully infective, alkaline phosphatase was not detected.
This evidence suggests therefore, that where alkaline phosphatase is pres'ent in the preparation it is adsorbed to, or part of, a non-infective. particle.
(2) Sub8trate 8pecificity and 8tabilization.-A number of different substrates vary in their affinity for the phosphatase of the small granules but it was interesting to discover that at pH 
